Background: Conference abstracts are a potential source of new and relevant information about randomized controlled trials (RCTs). However, their dependability is questionable. The objectives of this study were to quantify the agreement between results of RCTs reported in abstracts presented at the four most recent World Congresses on Pain (WCP) and their corresponding full publications, and to analyse the completeness of reporting in those abstracts. Methods: To identify RCTs, we screened all abstracts presented at four WCPs from 2008 to 2014. Two independent authors identified corresponding full-text reports published through August 2016. Data about the main outcomes in each abstract and full publication were extracted, including the outcome domains and numerical results reported. We reported discordance between abstracts and full texts. We evaluated abstracts against the CONSORT for Abstracts checklist.
Introduction
In the context of increasingly limited resources, it is crucial that health care decisions are based on the most rigorously collected and reported available data. The robustness of primary studies is generally assessed during the peer review process and during the conduct of systematic reviews (Jadad et al., 1996) . However, complete details of the primary studies conducted on a particular clinical question might not always be available to systematic reviewers and other decision makers. According to current standards (Higgins and Green, 2011; AHRQ, 2013; CRD, 2009; NICE, 2012) , systematic reviewers should search for unpublished studies, e.g. grey literature. However, a recent audit of systematic reviews published in five major journals (Annals of Internal Medicine, BMJ, Cochrane Database of Systematic Reviews, JAMA and Lancet) found that more than one in three systematic reviews (73/203) did not state whether they searched for unpublished studies (Ziai et al., 2017) .
While on the one hand, a search for unpublished studies may allow systematic reviewers to be comprehensive and mitigate the impact of publication bias (McAuley et al., 2000) , on the other hand, there are legitimate concerns about whether studies available only as conference abstracts ('abstracts') should be included at all in systematic reviews (Dundar et al., 2006; Saldanha et al., 2016) . The concerns mainly arise because: (1) it may be difficult to assess the quality and extract data from the limited information generally available in abstracts (Dundar et al., 2006) , and (2) discrepancies between abstracts and full-text publications of abstracts have been described in a number of assessments in different clinical areas (Weintraub, 1987; Chan et al., 2013; Livas et al., 2014; Hopewell et al., 2015; Wieser et al., 2015; Saldanha et al., 2016) . Some of the discrepancies might be related to abstracts containing only preliminary data (Mahood et al., 2014) . While we are not aware of reports about it, our experience suggests that organizers of most conferences do not arrange for peer review of submitted abstracts beyond the decision of acceptance vs. rejection. Even when conducted, peer review of submissions to conferences has been reported to be unreliable and possibly subject to its own set of biases (Deveugele and Silverman, 2017) .
To address some of the challenges with incomplete reporting of data from randomized controlled trials (RCTs) in abstracts, a reporting guideline, named the Consolidated Standards of Reporting Trials (CONSORT) for Abstracts, was published in 2008 (Hopewell et al., 2008) . This guideline was not designed to be used to assess the risk of bias in RCTs, rather to improve the reporting of RCTs. Based on assessments using these guidelines, the reporting of abstracts has been characterized as suboptimal (Klassen et al., 2002; Can et al., 2011; Ghimire et al., 2012; Cui et al., 2014; Shin et al., 2015) . A potential reason for this, even after the development of the CONSORT for Abstracts checklist, is the low uptake of the checklist by relevant stakeholders, including authors and journal editors (Cui et al., 2014; Shin et al., 2015) . A 2014 systematic review of abstracts of papers published describing RCTs in the top-tier general medicine journals indicated that while there was a considerable improvement in the quality of reporting from 2007 to 2012, some items still remain poorly reported (Mbuagbaw et al., 2014) . The two CONSORT for Abstracts checklist items most poorly reported have been: (1) method of randomization, and (2) balanced reporting of conclusions in terms of benefits and harms (Mbuagbaw et al., 2014) .
Pain is a common symptom with a complex and multi-system aetiology. We are not aware of a comprehensive assessment of conference abstracts describing RCTs addressing the management for pain. Organized biennially by the International Association for the Study of Pain (IASP), the World Congress on Pain (WCP) is the world's largest international and multidisciplinary conference focused on the management of pain.
Our study had two objectives: (1) to quantify the agreement between the main outcome results of the RCTs presented as abstracts at the four recent WCPs and their corresponding full publications, and (2) to analyse the quality of reporting of those RCT abstracts using the CONSORT for Abstracts checklist.
Methods

Definitions
For this study, we defined abstracts as either initial, interim or final reports of research studies presented at a scientific conference. We defined full-text publications as reports of research studies published in full in a journal or journal supplement.
Included abstracts
We considered abstracts presented at four consecutive WCPs. These included the 12th WCP in Glasgow, United Kingdom (2008 ), 13th WCP in Montreal, Canada (2010 ), 14th WCP in Milan, Italy (2012 and 15th WCP in Buenos Aires, Argentina (2014). Abstracts were obtained through electronic abstract books (a compact disc for the 12th and 13th WCPs, and a USB drive for the 14th and 15th WCPs) provided to conference participants during conference registration. We limited our search to RCTs conducted on humans. If an abstract described studies on both animals and humans, we included it if the humans were randomized, and we disregarded the animal results. We also included abstracts containing interim/preliminary results if the abstracts explicitly indicated that the results were interim or preliminary or pertained to a pilot study.
Abstract screening
One investigator (KD) screened all abstracts from the chosen WCPs to determine eligibility, while a second investigator (AJK) verified all the screening results. Discrepancies were resolved by discussion with a third investigator (LP).
Full publication identification
Two investigators (KD and AJK) independently searched for corresponding full-text publications through the end of August 2016 by electronic searches in PubMed, Google Scholar (Jean-Francois et al., 2013) and EMBASE. First, we searched PubMed using the last names of each eligible abstract's first, second and last authors. We did not use any date restrictions, i.e. we also searched for corresponding publications that may have been published before the WCP at which an abstract was presented. If we did not find a matching full-text publication, we used alternative combinations of authors' names and keywords from the abstract title (Macdonald et al., 2012) . We considered a full-text publication and an abstract as a match if the author list, title and study design were concordant. Regarding concordance, we considered the strict adherence of the study methods in different types of publications, with particular attention to the measures of pain. We also considered as a match instances where the order of authors and/or names of some authors may have been different in the two locations. If a matching publication was not found via PubMed, we performed a similar search of Google Scholar and then, if needed, EMBASE. We pilot tested our search procedures and the use of keywords before starting the search to ensure similar procedures when searching for publications (Livas et al., 2014) . Discrepancies in conclusions of the two independent investigators regarding matching publications were resolved by consensus and, if necessary, by discussion with a third investigator (LP). Because we were interested in results pertaining to the main outcome, we did not consider published protocols of RCTs to be eligible full-text publications. We intended to quantify situations where multiple abstracts from the same conference pertained to the same RCT, multiple abstracts from different conferences pertained to the same RCT, and multiple full publications matched to the same abstract, but we did not encounter such situations.
Data extraction
We generated a customized data extraction form in Microsoft Excel, and pilot-tested the form using 10 abstract/full-text pairs. We subsequently revised the form as appropriate.
For each abstract, we extracted the conference year and title. For each publication, we extracted the journal, date (month and year), language and title of the publication. If we found both online and in-print publication dates for a given publication, we regarded the online date as the publication time. We extracted data about the main outcome from each abstract and publication. Two pairs of investigators (KD, KV, MV, DJ) independently extracted results of each main outcome, including summary statistics for the measure of effect, measures of uncertainty and statistical significance. We compared results from each abstract and its matching full-text, if available. Another investigator (IV) checked differences between independent extractions and resolved discrepancies.
When present, we classified any discordance for the main outcome as either quantitative (any change in magnitude but not direction of effect) or qualitative (change in direction of effect). For abstracts, we defined the stated primary outcome (PO) as the main outcome. If an abstract did not state a PO, we defined the stated PO in its corresponding publication as the abstract's main outcome. If neither an abstract nor its corresponding publication (if available) defined a PO, we considered pain intensity to be main outcome, however defined by the abstract or publication. In the few cases where there was neither a stated PO nor pain intensity, we defined as the main outcome the only outcome that was reported in the abstract or, if there were multiple outcomes, the first outcome reported in the abstract.
We also extracted data regarding study sponsorship, type of pain evaluated, number of patients included, intervention and comparators and evaluated whether these factors were related to discrepancies in main outcome results.
Compliance with the CONSORT for Abstracts checklist
Two investigators independently evaluated all abstracts against the 17 recommended items of the CONSORT for Abstracts checklist. To ensure consistent interpretation of each item being evaluated, these investigators reviewed in detail the CONSORT for Abstracts explanatory document prior to data abstraction (Hopewell et al., 2008) . We reviewed each abstract to identify whether each item was adequately reported, not reported or unclear. A 'yes', 'unclear' or 'no' answer was assigned for each item to indicate whether it was reported (Hua et al., 2015) .
Statistical analysis
We calculated the publication proportion as the ratio of the number of published articles to the total number of abstracts presented at the WCP conferences. We calculated the median time-to-publication (in months) for each abstract/full-text matching pair.
We calculated the overall number and proportion (%) of abstracts that were compliant with each of the items recommended by CONSORT for Abstracts. We used chi-square tests to compare various variables found in abstracts with and without discrepancies in main outcome results. For data analysis, we used the GraphPad Prism software (GraphPad Software, La Jolla, CA, USA).
Results
In the four analysed WCP conferences, we identified 614 abstracts about RCTs on humans.
Publication proportion and median time-topublication
Of the 614 RCT abstracts, 306 (50%) were published in full by August 2016. We were unable to evaluate concordance in the eight abstract/publication pairs, so we excluded them from the main analysis; the remaining 298 abstract/publication pairs were analysed in detail (Fig. 1) . When we conducted a sensitivity analysis that excluded abstracts from the most recent conference (Buenos Aires, 2014), the publication proportion remained unchanged at 50% (235/475). For the 298 publications in our sample, the median time from the conference presentation to publication was 15 months (interquartile range 9-27 months, range 0-91 months). In 55/298 cases (18%), the abstract was presented after the corresponding publication; the duration from publication to conference presentation in these cases ranged from 0 to 76 months. The PO was explicitly defined in 56% of abstracts and in 54% of publications. Table 1 details the number of abstracts and corresponding publications for each analysed conference.
Discrepancies between abstracts and fulltext publications -preliminary studies
Among the 298 pairs of abstracts and their corresponding publications, abstracts of 18 pairs (6%) explicitly described preliminary results. Among these 18 abstracts, we found some form of discordance in results for the main outcome in 14 pairs (78%). Of these 14 pairs, there was quantitative discordance in nine pairs (50% of all preliminary abstracts) and qualitative discordance in five pairs (28% of all preliminary abstracts).
Discrepancies between abstracts and fulltext publications -non-preliminary studies
For 280/298 pairs of abstracts and their corresponding publications (94%), there was no indication that the abstract contained preliminary results. For these 280 pairs, the results for the main outcome agreed in the two locations exactly in 194 pairs (69%). In the remaining 86/280 pairs (31%), we found some form of discordance in results for the main outcome. Among these 86 pairs, qualitative discordance was found in 18 pairs (6% of all pairs), while quantitative discordance was found in 68 pairs (24% of all pairs).
We found that discrepancy in number of participants in abstract and corresponding publication was associated with discrepancy in main outcome results (p < 0.05). Other factors -source of funding, type of pain, geographical origin of the study, type of the intervention and comparator -were not associated with discrepancy in main outcome results (p > 0.05 for all).
Additionally, we found an increasing trend of the rate of discordance over time. Rates of discordances for our conferences held in 2008, 2010, 2012 and 2014 were 27%, 26%, 39% and 33%, respectively. Examples of the discordance between the abstractfull text pairs are shown in Table 2 .
Other categories of discordance
Among the 280 pairs with abstracts containing nonpreliminary results, we found differences in the number of study participants for 82 pairs (29%). Furthermore, for 36 pairs (13%), the number of study participants was reported to be higher in the abstract than in the corresponding publication. In 24 of these 36 pairs, there was no discordance in main outcome results.
Abstracts/publication pairs that were not evaluable
For eight pairs of abstracts and corresponding publications, which are not included in our main analysis, we were unable to determine whether there was discordance in the main outcome. For four pairs, the abstract's main outcome was not mentioned in the publication. For two of these pairs, results for the main outcome were reported at different time points in the abstract and in the publication, precluding our assessment of agreement. For the other two pairs, numerical data for the main outcome were available in the publication, but not the abstract. In both cases, however, there was no qualitative discrepancy between the narratively described outcomes in the abstract and in the publication.
For two pairs, we were unable to compare the outcomes because the reported study arms in the abstract and publication did not match. In the first pair, the abstract described three study arms, including a control group; however, in the publication the control group was not mentioned, and results were presented only for the two study arms containing active comparators. In the second pair, two study arms containing active comparators were described in the abstract and their comparative effect on the main outcome was analysed. However, only one of those interventions was described and analysed in the publication. In both cases, there was no discordance in outcomes for the groups that were analysed in both the abstract and in the study. For two pairs, the abstract was promissory, i.e. the authors did not report results in the abstract, but stated that results would be presented at the conference. One of these abstracts had no results for any outcome, while the other had results for other outcomes, but not the main outcome. Since, in both cases, there were no results for the main outcome in the abstract, we were unable to determine discordance with the publication.
Compliance with the CONSORT for Abstracts checklist
We assessed all 614 abstracts presented at the four WCPs for adherence to the CONSORT for Abstracts checklist. The median adherence across all domains of the checklist for all abstracts was 26% (range: 0-98%). Details about adherence to each of the 17 domains are shown in Table 3 .
The highest compliance, in more than 90% of the analysed abstracts, was found for describing the interventions, objectives and the conclusion. No abstracts reported contact details of the corresponding author, and only one abstract mentioned registration of the RCT that was presented. We found very low adherence to describing the method of randomization and details about patients' recruitment status (Table 3) .
Discussion
Summary of findings
In this study, we analysed 614 abstracts describing RCTs conducted on humans presented at four biennial World Congresses of Pain between 2008 and 2014. We found that fewer than half of those abstracts had been fully published between 2 and 8 years later (i.e. by August 2016). Among the 298 pairs of abstracts and their corresponding publications that were included in the main analysis, we found some form of discordance in 31% of the cases; the majority of discordances were quantitative, i.e. the numerical results for the same outcome were different in the two locations, but with the same direction of effect. We also found that discrepancy in number of patients between abstract and corresponding publication was associated with discordance in main outcome results. These discrepancies had increasing trend over the years, as we found 27%, 26%, 39% and 33% discrepancies between abstracts and full texts for conferences held in 2008, 2010, 2012 and 2014, respectively. In the abstractpublication pairs where the abstract presented only preliminary/interim results, 78% had some form of discordance, with as many as 28% being qualitatively discordant. The reporting quality of the 614 abstracts was suboptimal.
Implications of our findings about publication proportion
Our results are in line with the findings of a Cochrane systematic review by Scherer et al. (2007) that included 79 studies analysing 29,729 abstracts; the mean publication proportion for those abstracts was 58% (Scherer et al., 2007) . A study of RCT abstracts presented at the 2001-2004 years of a major annual conference in the field of eyes and vision (Saldanha et al., 2016) showed that among the 513 included abstracts, 45% were published between 9 and 12 years later (Saldanha et al., 2016) . Publication proportion of RCT abstracts presented at the European League Against Rheumatism (EULAR) conferences from 2002 to 2011 was 47% by 3 years (Mathieu et al., 2017) . Discordance between EULAR abstracts and full publications was found in 29% of the pairs, and the most common discordance was in the number of included patients, found in 79% of the pairs (Mathieu et al., 2017) . Massey et al. (2016) examined the publication proportion and factors associated with publication of 378 abstracts describing RCTs and 697 abstracts describing nonrandomized clinical trials presented at the American Society of Clinical Oncology (ASCO) annual conferences in 2009, 2010 and 2011. In the analysed years, 75% of RCTs and 54% of nonrandomized clinical trials were published, with an overall publication proportion of 61%. In both types of trials, publication proportions increased with larger sample sizes. Author industry affiliation and cooperative group authorship also were factors associated with higher publication proportions (Massey et al., 2016) .
Implications of our findings about discrepancies in reported results
Our study uncovers a troubling finding that a considerable number of RCT abstract and publication pairs in the important field of pain management have discordant results for the outcome deemed the most important (i.e. the main outcome). We found that 31% of the abstract-publication pairs had some kind of discordance in the main outcome, where most of the discordance was quantitative, i.e. different numbers were presented in the abstract and in the full publication, without a difference in the direction of effect. Qualitative discordance, i.e. with different directions of results for the same main outcome, was found in a minority of those pairs. An important implication of qualitative discordance is that clinicians and patients, who use the results of research to make clinical decisions, would make different decisions in one in 14 cases, depending whether they use the abstract or the full publication as a source of information (Saldanha et al., 2016 ). An even more troubling situation was found for the abstracts reporting preliminary results of RCTs. We found discordance in 78% of the pairs; the majority had quantitative differences, but 28% of all preliminary abstracts had qualitative discordances. These results provide evidence that there is a need for a great degree of caution when basing treatment decisions on results of RCTs reported in preliminary form in abstracts. Based on our data, if a decision maker in the field of pain management reads an abstract describing preliminary results of an RCT, there is a 28% probability that the results would be qualitatively different by the time the full publication is available, which makes almost one out of three treatment decisions solely based on such abstracts highly problematic.
We conducted additional analyses to try to find association of discrepancies in main outcome with various factors, including type of sponsorship, type of pain, geographical origin of study, type of intervention and comparator and number of participants, but the only association we found was that discrepancy in number of participants in abstract and corresponding publication was associated with discrepancy in main outcome results.
Other studies have reported that discrepancies in results between abstracts and subsequent full publications range from 29% to 60% (Weintraub, 1987; Bhandari et al., 2002; Klassen et al., 2002; Toma et al., 2006; Kleweno et al., 2008; Saldanha et al., 2016; Mathieu et al., 2017) . This growing body of evidence, including our study, should be cautionary for various scientific stakeholders. Readers of RCT abstracts should be aware that they may be reading results that: (1) are not always dependable, and (2) even if they are dependable, might change, either qualitatively or quantitatively, by the time the study is published, and that is, if it gets published at all. Authors of systematic reviews should be very careful about including RCT results that are available only as an abstract, particularly if the authors of the abstract indicated that the presented results were preliminary. Sensitivity analyses should be done when meta-analyses include data from RCTs only available as abstracts. Abstracts are part of the grey literature, which constitutes a large and diverse range of material available outside of the traditional academic peer-review process that most scholarly journals adopt. While the inclusion of grey literature in systematic reviews 'can make a variety of positive contributions to subsequent inquiry and practice' (Adams et al., 2016) , multiple studies have now demonstrated that the dependability of information presented in conference abstracts is questionable. Further, it should be recognized that what is known about the dependability of RCT abstracts is based solely on assessments of abstracts that make it to publication. Information obtained from RCT abstracts that never reach full publication is likely even less dependable (Saldanha et al., 2016) .
Implications of our findings about poor adherence to reporting guidelines
To make more evidence-informed health decisions, decision makers need clear and transparently reported information about RCTs. In 1996, the CON-SORT Statement was first published to help address the accumulating evidence that the quality of reports of RCTs was suboptimal (Begg et al., 1996) . In 2008, Hopewell et al. published an extension of the CON-SORT Statement for reporting abstracts of RCTs.
Using the CONSORT for Abstracts checklist (Hopewell et al., 2008) , we found that the quality of reporting of the analysed abstracts was suboptimal, with high levels of non-adherence to required items. One domain (trial registration) was reported only in one of the 614 analysed abstracts, and one domain (contact information of the authors) was in none of the analysed abstracts. A number of studies have used this checklist for appraising abstracts in different fields, demonstrating that the reporting quality of RCT abstracts presented at scientific conferences and in peer-reviewed journals is still suboptimal, regardless of the existence of specific reporting guidance (Klassen et al., 2002; Can et al., 2011; Ghimire et al., 2012; Cui et al., 2014; Shin et al., 2015) .
One possible approach to mitigating the problem of suboptimal reporting of RCT abstracts is for scientific boards of conferences and journal editors (if the abstracts are published in journals) to explicitly require that authors use relevant checklists when submitting their abstracts. In 2012, Hopewell et al. reported that this is a feasible intervention. They analysed the impact of journal editors' implementation of the CONSORT for Abstracts guidelines in high impact medical journals. Journals that implemented these guidelines experienced a quick and significant increase in adherence to the recommended items for reporting. There was no such increase in journals not implementing these guidelines (Hopewell et al., 2012) .
Limitations to our study
The two main limitations to our study include the limited number of conferences analysed (four) and the possibility that some publications were missed during our literature search. It is possible that part of the reason why abstracts are suboptimally reported are the formatting preferences of the conference organizers. For example, none of the abstracts reported contact details of the authors, and it is possible that these details would have been included if the conference organizers required the inclusion of this information together with the abstract.
Another limitation is the possibility that some abstracts might have descried ancillary studies conducted as part of larger RCT projects. However, such information was unavailable in the abstracts. As such, we are unable to elucidate such relationships and overlap among the abstracts in our sample.
Conclusions
Abstracts of RCTs addressing pain are not often dependable sources of information. Approximately half of these abstracts are not published, and the reporting quality of the abstracts is currently suboptimal. When making health care decisions, decision makers should be cautious when using results from RCTs presented as abstracts, particularly if an abstract presents only preliminary results. Systematic review authors conducting meta-analyses should conduct sensitivity analyses to examine the impact of including results from RCTs only available as abstracts. Scientific boards of research conferences and journal editors should require that authors reporting abstracts adhere to current reporting guidelines.
